The methodology of the study of the short-and long-term outcomes has changed over the 30-40 years since the indroduction of neonatal intensive care. The training of neonatal fellows in research pertaining to development and follow-up currently needs to include study of epidemiology and biostatistics, knowledge concerning normal and abnormal growth and development throughout the life span and clinical skills and/or knowledge concerning the assessment of neurologic and developmental outcomes.
Introduction
Developments in the field of epidemiology and outcomes research necessitate a very different type of training for neonatal fellows who plan an academic career in 'neonatal follow-up' when compared to the early years of neonatal intensive care when most studies of neonatal outcomes were descriptive. Neonatal follow-up is currently regarded as the long-term component of perinatal outcomes research (see article of Jeffrey Gould).
Historical overview
Reports of the outcomes of preterm children born before the 1940s were mainly descriptive and performed by psychologists or by pediatricians who had cared for the children in the nursery and were interested in their later development. Outcomes pertained mainly to neurodevelopment and behavior and, with the exception of IQ testing, lacked formal psychometric measures. [1] [2] [3] The period between 1940 and 1960 was characterized by a decrease in mortality but also by many iatrogenic complications of therapy such as the overuse of oxygen and the use of sulphonamides to prevent or treat neonatal infections. 4 Follow-up reports during this period described the high rates of cerebral palsy, blindness and deafness and associated developmental handicap which, to a large extent, resulted from these well intentioned but misguided therapies. [5] [6] [7] During this period, formal psychometric measures were used more often and neurologic soft signs, learning difficulties and hyperactive behavior were described even in children who had a normal IQ and did not have neurosensory impairments. 8 Two large long-term population-based observational studies were initiated during his period: the Collaborative Perinatal Project of the National Institute of Neurological Disease and Stroke of the National Institute of Health in the United States, 9 and the 1958 British Mortality Survey of the National Birthday Trust Fund in England. 10 Both studies included long-term follow-up of the children including follow-up to adulthood of some selected groups.
In the early 1960s, modern methods of neonatal intensive care began to be introduced, Most of the individual therapies instituted at this time were not evidence based. However, between 1966 and 1970 Kitchen undertook the first and only controlled study of the efficacy of neonatal intensive care by examining the neonatal mortality and neurodevelopmental outcomes of a population of 238 infants with birth weights between 1 and 1.5 kg born who received either intensive or conservative care. Neonatal intensive care at that time included placement of umbilical catheters, maintenance of oxygen tension between 80 and 100 mm, glucose and sodium bicarbonate infusions and daily monitoring of glucose, electrolyte and bilirubin levels. Assisted ventilation was not provided. Results of the study revealed that the 119 infants who received neonatal intensive care had 10 more survivors than the conservative care group. 11, 12 However, 17 (22%) of the 79 surviving children who received intensive care had profound or serious handicap at age 8 years compared to 6 (9%) of the 69 survivors who received conservative care (P ¼ 0.05). 12 Despite this increase in handicap in the children who received neonatal intensive care, the overall rate of profound to serious handicap of 14.5% during this period was better than that of 36% reported in the 1950s before the introduction of neonatal intensive care. 6 In 1971, Rawling reported improved outcome results in the Lancet in an article titled 'Changing prognosis for infants of very low birth weight'. 13 This report was followed by additional reports of the cognitive and neurosensory outcomes of very low birth weight (VLBW, <1.5 kg) and extremely low birth weight (ELBW, <1 kg) children born in the 1970s and early 1980s. [14] [15] [16] [17] [18] Many of these reports also included growth outcomes. Some groups followed these children longitudinally from childhood into school age, 15, 16, 19 adolescence [20] [21] [22] and more recently into adulthood. 23 Normal birth weight children had been recruited at school age because of the recognition of the importance of a comparison group especially for the study of learning problems among children who were free of neurosensory impairments. During this time most studies continued to be performed by pediatricians experienced in neonatal care and to concentrate mainly on growth and neurodevelopmental outcome. Neonatal follow-up was considered to be a relatively low prestige and status occupation as compared to research in the basic sciences or research concerning the newer methods of neonatal intensive care.
In the late 1980s and early 1990s a more formal epidemiological approach was taken to study long-term perinatal outcomes. Investigators who had trained in epidemiology and the statistical sciences, who were not necessarily neonatologists contributed to the planning and implementation of long-term outcome studies. [24] [25] [26] [27] This period was also characterized by the recognition of the importance of randomized clinical trials of perinatal care and of including health and neurodevelopment as an important outcome measure of such trials. 28 Collaborative multicenter research studies became popular as it was recognized that a large population with credible statistical power could be more rapidly and efficiently undertaken in this way. The two major neonatal research networks in the United States, The NICHD Neonatal Research Network and the Vermont Trials group were created in the late 1980s and helped facilitate such studies, many of which included neurodevelopmental outcomes.
As the initial survivors of neonatal intensive care born in the late 1970s and early 1980s have grown older, the types of outcomes studied have broadened and include not only growth and the neurodevelopmental measures of IQ, cerebral palsy, vision and hearing but also behavior and a whole range of neuropsychological tests at school age. Measures of function for specific conditions, such as cerebral palsy, were introduced 29 as well as measures of overall functioning, such as the ability to participate in various activities of daily living, the need for technologic aids and special health care needs. 30 Additional measures of perinatal outcomes include the quality of life of the survivors 31 and the impact on their family. 32 In addition to examining the effects of sociodemographic and perinatal variables on outcomes, 33 new neuroradiologic techniques currently allow for the identification of specific areas of brain injury and for examination of their effects on neuropsychologic and behavioral functioning. 34 In addition, metabolic and cardiovascular function is also being investigated based on epidemiologic studies which suggest that preterm birth and/or poor perinatal growth may predispose to type 2 diabetes and hypertension in later life. 35 Studies of the effects of genomic environmental interactions on perinatal outcomes have also been initiated and will play a major role in future studies.
Training
Neonatal fellows planning an academic career in the study of longterm perinatal outcomes need to be well versed in epidemiology and biostatistics and, if possible, to obtain a masters degree or doctorate in Public Health, Epidemiology or Outcomes Research. This necessitates funding for at least one extra year of neonatal fellowship. The ongoing clinical experience that the fellow obtains in the neonatal intensive care unit, the stepdown or convalescent unit and in the follow-up clinic, should also provide a broad experience and knowledge concerning the various neonatal illnesses and complications and their effects on growth and development both during the hospital stay and after discharge home. As the neurologic and developmental status of the child continues to be a major outcome measure of most long-term studies, the training also needs to include clinical hands-on skills pertaining to neurologic assessment as well as knowledge concerning normal and abnormal cognitive, neuropsychologic and behavioral development and the appropriate and valid measures needed to test these various skills. It is essential that the fellow also has opportunities to collaborate with and/or be mentored by subspecialist/researchers in fields such as Child Neurology, Developmental Psychology, Neuropsychology, Sociology, Child Psychiatry and Economics. As part of their training the fellows need to initiate, design, plan and execute their own studies and also gain experience in the use of local and national data bases. Working with senior investigators who have access to data from the NICHD Neonatal Network may provide additional experience.
Aspects of outcomes of neonatal intensive care where there is a paucity of information, gaps in knowledge or uncertainties (1) Gestational based outcome studies. There have been very few gestational based outcome studies in the United States. This is partly due to questionable accuracy of gestational age in instances where the mother did not receive prenatal care and the poor reliability of the postnatal assessment of gestational age among extremely immature infants. Birth weight-based studies of outcomes are inherently flawed as due to the birth weight cutoff, for example <1.5 kg birth weight, they include a preponderance of intrauterine growth retarded infants at the higher gestational ages. (2) Normative intrauterine growth standards. There is only one relatively small recent study of normative birth weightgestational age data in the United States. 36 Previous normative data available in the USA pertain to infants born in the 1980's. Kramer has published gender specific birth weight norms for Canadian infants born in the 1990s, however, this population is predominantly Caucasian and might not be appropriate for use in the USA.
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(3) Nutritional effects on the growth and development of preterm infants. With the exception of the data from the studies of Lucas et al. 38, 39 which pertain to low birth weight infants born in the early 1980s there is very little clarity as to what constitutes hypoglycemia and to its long-term effects. The long-term effects of the various constituents of parenteral nutrition are also unclear. For example, ELBW and gestational age infants currently receive more intravenous proteins (i.e., amino acids) than previously. This has been shown to improve growth but the direct effects of these increased amino acids on the immature brain have not been fully evaluated. (4) The optimal level of oxygenation for preterm infants with regard to retinal, pulmonary and brain development is unclear. (5) Gastrointestinal reflux prevalent among preterm infants, although considered a physiologic phenomenon of immaturity, is widely treated with antireflux medications some of which also have direct effects on the central nervous system. Whether these medications have deleterious effects on the growth or development of the immature brain has never been examined. (6) Long-term effects of nitric oxide (NO) on the developing brain. Developmental outcomes of preterm infants who received NO to treat severe respiratory distress syndrome and/or persistent fetal circulation have been reported in only one relatively small study.
(7)
Methodology related to neonatal follow-up. Most formal follow-up studies include 'hands on' examination and testing of the child and face-to-face interviews with the parents. These are time consuming and costly. There is very little information on the validity of parent interview via mail, telephone or email as compared to face-to-face history taking and actual exmination and developmental testing of the child. (8) Nursery interventions. There are very few studies of the effects of nursery environmental modifications and interventions on the long-term development of the child. Available studies include small numbers of infants.
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Conclusion
The training required for an academic career in neonatal follow-up includes formal training in epidemiology, outcomes research and biostatistics as well as clinical skills in child assessment and a broad knowledge of growth, behavior and development. Such training usually requires mentoring and collaboration with experts in the various subspecialty departments of pediarics, child psychology, sociology and child psychiatry.
